Abstract. The purpose of this study was: (1) to determine whether polishing standardized proximal root surfaces with dental floss, Superfloss, wood and plastic interdental cleaners, using a polishing paste, produces any significant change on root surface roughness; and (2) to determine the effectiveness of different number of strokes in polishing. 80 tooth specimens were prepared, 10 in each of 8 sample groups. Each proximal root surface was standardized with 600A grit silicone carbide paper and polished with either waxed dental floss, Superfloss, wood or plastic interdental cleaners, using alkali aluminum silicate polishing paste. All specimens were mounted on a flossing machine and polished with 10 or 20 strokes. Before and after polishing, measurements were recorded with the Surfanalyzer 150 System to produce profile and average roughness tracings. Average maximum peak heights, mean number of peaks, and mean average roughness values were calculated from the tracings. The data were analyzed statistically by paired /-test and Student /-test. No significant mean differences were found between the number of strokes used. No significant differences were found for waxed dental floss in relation to the values analyzed. Significant differences were found for maximum peak heights for Superfloss following 20 strokes of polishing. However, no significant differences were found for Superfloss for mean number of peaks and average roughness. Significant differences were found for average roughness values, maximum peak heights, and mean number of peaks for the wood and plastic interdental cleaners. It was concluded that root surface roughness increased significantly with the use of wood and plastic interdental cleaners but not with waxed dental floss or Superfioss.
The purpose of polishing in periodontal therapy is to remove bacterial plaque, stain and pellicle from the tooth surface and supposedly, provide the smoothest surface possible in order to facilitate plaque removal.
It has been stated that polishing will reduce the tooth surface roughness beyond that which can be achieved by root planing instruments (Doyle 1971 , Walker & Ash 1976 , Zampa & Green 1972 . In this regard, polishing may be thought of as representing the final stage of root planing (Ramfjord & Ash 1979) . Unfortunately, vei7 few investigators have studied the smoothing effect of various devices intended for polishing following root instrumentation. The studies that have looked at polishing, involved various mechanical devices and polishing pastes (Badersten et al. 1981 , Doyle 1971 , Hostetler 1982 , Zampa & Green 1972 ).
The most commonly used polishing device in dental practice today is the rotating rubber cup. However, access to interproxitnal tooth surfaces is limited. To compensate for this, the EVA handpiece as well as interdental cleaning aids have been advocated for use in these areas. The polishing effectiveness of these devices has only been looked at to a limited degree.
The present study was undertaken in order to determine whether polishing standardized proximal surfaces with waxed dental fioss, Superfioss, wood and plastic interdental cleaners, using a polishing paste, produced any significant differences on root surface roughness, and to determine the effect of different numbers of strokes in polishing. teeth were placed in an ethyl alcoholglycerin solution (1:1 ratio) immediately following extraction. Within 24 h of extraction, each tooth was placed into a 30 X 74 X 10 plastic block with the flattest proximal surface facing down.
To establish the standardized roughness baseline of the root surfaces, the acrylic-tooth specimens were polished on a laboratory pohshing wheel with silicone carbide paper. The polishing sequence consisted of 60C grit, 240C grit, 400A grit and finally 600A grit silicone carbide papers*. The sequence was performed so that the direction of the abrasion produced by each successive grit was perpendicular to the one preceeding it. The final grit produced abrasion lines parallel to the long axis of the tooth.
Material and Methods
* Mager Scientific, Inc., Dexter, Michigan 80 freshly extracted bicuspid or molar 48130, USA.
This surface (600A grit silicone paper) provided a comparable in vitro model for root surface roughness achieved by root planing (Hostetler 1982) . The area chosen for measurement was approximately 2 mm apical to the cementoenamel junction. This surface area was carefully examined with a light microscope at 10 x power to make sure there were no artifactual fractures and that the final polishing abrasive lines were all running parallel to the long axis of the tooth. 2 notches were placed indicating the buccal and lingual extent of borders of the prepared area. These notches were then further highlighted with a fine felt-tipped pen.
The surface texture of each specirnen was measured with the Surfanalyzer 150 system.
Surface texture characteristics used in this study included profile and average roughness (Walters 1983) as defined in the American Standard Bulletin ASA B46.1-1962.
The baseline surface roughness measurements were made immediately after the specimen was mounted and prepared. Each specimen was placed under the probe of the Surfanalyzer and aligned between the 2 notches. The measurements were made in a direction which gave the maximum reading, generally across the lay (American Natural' Standards Surface Textures 1978). The measurements were taken at a sensitivity level of 0.05 /iin/division for surface profile, and 0.01 yUm/division for average roughtiess.
Following measurements of the baseline surface characteristics, the specimens were divided into 4 groups of 20 samples each. Each group was polished using a different interdental aid with an alkali aluminum silicate polishing paste*. In addition, within each group, 10 samples were polished with 10 strokes while the other 10 samples were polished with 20 strokes.
The interdental aids involved in the study were: Group I -Floss**, Group II -Superfioss***, Group III -Wood interdental cleaners*, and Group IVPlastic interdental cleaners**.
The tooth specimens were mounted individually onto a flossing machine by means of an adapter plate.
The interdental cleaners were fastened to a plastic spatula by means of green or red stick compound. The spatula was secured to the lower (reciprocating) arm of the flossing machine by a locking clamp. By loosening this locking clamp, it was possible to orient the interdental cleaners in such a way that it could make maximum contact with the prepared tooth in the area to be evaluated.
The fioss and superfioss under study was first threaded through a floss holder*** which was adapted to the lower reciprocating arm in the same way as the previous plastic spatula.
Prior to tnaking contact between the interdental aid and the tooth specimen, a slurry mix of polishing paste was added to the tooth specimen in the area between the notches. Once the polishing paste was added, a 100 gm weight was positioned on the upper balancing arm in order to rnake contact between the tooth and the interdental aid, and the flossing machine was activated. The waxed dental floss and the Superfioss polished the tooth surface occlusal-apically while the interdental cleaners polished in a buccal-lingual direction. Following polishing each sample was removed and cleaned with cotton under running distilled water to remove the remaining polishing paste. The tooth surface was then re-examined under the light microscope to assure that subsequent surfanalyzer measurements took place only on the portion of the tooth surface which had received the polishing treatment.
The surfaces polished with waxed dental floss and Superfioss were measured by the Surfanalyzer usitig the same reference marks as were used for baseline measuretnents. The surfaces polished with the interdental cleaners, however, had new reference rnarks placed. This change was rnade following polishing because a new lay (predominant sur- face pattern) was produced in a buccallingual direction. In accordance with the American National Standard of Surface Textures, surface roughness should be measured across the lay (American Natural Standards Surface Textures 1978) consequently, new reference points were established occlusalapically to the new lay half-way between the baseline reference marks.
Quantifying root surface roughness
Root surface roughness was evaluated by a modification of a method originally described by Creaven et al. (1980) . From the profile tracing, an average of the maximum peak height (/an) was calculated from 6 sections equally distributed across the tracing. The largest peak-to-valley measurement in each section was used for this calculation. To get this measurement, the nurnber of squares were added up and multiplied by 0.05 //m. Since each section represented 0.1 /im of the tooth surface, the total measurement of the tooth surface analyzed was 0.6 mm. for each tooth specirnen. The average number of peaks were also calculated from the same sections. All peaks were counted in each section and divided by 6.
The average roughtiess (jim) was calculated for each specimen from the average roughness tracing. The probe transversed the root surface 7 times before the tracing was recorded, so that the "moving average" could level off near the final average roughness value. Since this tracing resulted in a straight line, only one measurement was made by multiplying the total number of squares by 0.01 fim in a vertical direction.
The data were evaluated by a paired /-test using MIDAS (Michigan Interactive Data Analysis System). Mean differences between groups and strokes were evaluated by Student /-test analysis. Differences were considered significant at/><0.05.
Results
The results are presented according to the type of interdental aid and number of strokes used. Table 1 shows the paired /-test results from the profile and average roughness tracings of the specirnens before and after polishing with waxed dental fioss using 10 and 20 strokes. There was no significant mean difference for the mean average of peaks using 10 or 20 strokes, using the Student /-test. Table 2 shows the paired /-test results after polishing with Superfloss using 10 and 20 strokes. There was no significant mean difference for the mean average peak height and roughness, or number of peaks using 10 strokes. There was a significant mean difference (p < 0.05) for the mean average peak height but not for the mean average roughness value and the mean number of peaks using 20 strokes. The post-pohshing tnean value for average peak height was higher than the pre-polishing mean. No differences in results achieved with 10 and 20 strokes were found (Student /-test). Table 3 shows the paired /-test results after polishing with wood interdental cleaners using 10 and 20 strokes. There was a significant mean difference {p < 0.05) in mean average peak height, mean average roughness, and mean number of peaks after polishing using 10 and 20 strokes. The post-polishing mean values for the average maximurn peak height and for the average roughness were higher than the pre-polishing mean values. The post-polishing mean number of peaks was lower than the pre-polishing mean number of peaks. No differences between 10 and 20 strokes were found. Table 4 shows the paired /-test results after polishing with the plastic interdental cleaners using 10 and 20 strokes. There was a significant mean difference (p<0.05) for the mean average peak height, mean average roughness, and mean number of peaks using 10 and 20 strokes. The post-polishing mean values for the average maximum peak height and for the average roughness were higher than the pre-polishing mean values. The post-polishing mean nutnber of peaks was lower than the pre-polishing mean number of peaks. No difference in results between 10 and 20 strokes were found. Table 5 shows the paied /-test results before and after polishing with Superfloss and waxed dental floss using group data (combined 10 and 20 stroke samples). There was a significant mean difference (p<(i.QS) for the mean average peak height for Superfloss but not for waxed dental floss. T'here was no significant tnean difference for mean average roughness value and mean number of peaks for Superfloss and waxed dental floss. The post-polishing mean value for the average maximum peak height was higher than the pre-polishing mean value for Superfioss. No differences between floss and Superfloss were found using the Student /-test. Table 6 shows the paired /-test results before and after polishing with wood and plastic interdental cleaners using group data (combined 10-and 20-stroke samples). There was a significant difference (/7<0.05) for the mean average peak height, mean average roughness and mean number of peaks. The postpolishing rnean values for the average maximum peak height and for the average roughness were higher than the prepolishing mean values. The post-polishing mean number of peaks was lower than the pre-polishing mean number of peaks. No differences between wood and plastic interdental cleaners were found.
Discussion
Prior to the 1960s, a major problem in evaluating root surface roughness was the lack of an instrument that could measure the degree of roughneSs objectively.
During the 1960s, the Profilometer, an electro-mechanical instrument which could measure the surface roughness of an object in microinches, was used to evaluate root surface roughness (Nissle 1962 ).
An attempt has been made to standardize the procedure for measuring the roughness of root surfaces with the Profilometer (Green 1965) . Using Green's methodology, several investigators evaluated root surface roughness (Berndt 1972 , Doyle 1971 , Kerry 1966 , Von Volkinburg et al. 1976 . Zampa & Green 1972 . In some of these investigations, however, variations in the measurements occurred following prolonged tracing with the stylus. Linear markings were observed by the stylus tracing across the root surface (Berndt 1972 , Creaven et al. 1980 , Kerry 1966 .
The effect of the tracing stylus of the Profilometer on the root surfaces has been examined (Berndt 1972) . The author demonstrated that with increased tracing passes of the stylus across the root surface, a significant decrease in root surface roughness occurred. Through SEM of the root surfaces.
areas of gouging or trenching were noticed along the path of the stylus. It was considered that this method of measuring root surface roughness was a destructive procedure on tooth surfaces when 2 g of force were used (Berndt 1972) . Hostetler (1982) introduced the Surfanalyzer 150 system for measuring surface roughness. Like the Profilometer, this system utilizes a probe with a certain applied force. The force is necessary to insure that the stylus will follow the contour of the surface being measured. Unlike the Profilometer, the probe utilized in the Surfanalyzer 150 system is a 200 mg force when measuring the specimen. This amount of force is well within the maximum force which can be used in measuring surface roughness (<1.5 g) (American Natural Standards Surface Textures 1978). Since these instruments are designed for measuring harder materials than dentin, there is a tendency for the probes, regardless of the force applied, to visibly mark its path of measurement. According to the American National Standards (ANS), the markings do not necessarily mean the measurement is incorrect (American Natural Standards Surface Textures 1978). Until investigated, however, this cannot be considered absolute (American Standards Bulletin 1962).
Measurements of all the standardized root surfaces were performed across the lay. Thus, the measurements for all the baselines were made buccal-lingually since the baseline lay was occlusal-apically, which would be representative of the direction a curette would be used to plane an interproximal surface. The same direction of measurement was also utilized on tooth specimens polished witli waxed dental fioss and Superfioss. However, the direction of measurement for the surfaces polished with the interdental cleaners was made occlusal-apically. This was necessary since the polishing stroke was made buccal-lingually which provided a new lay. According to the ANS, all surface roughness measurements should be made across the predominent surface in order to measure the maximum value for surface roughness (American Natural Standards Surface Textures 1978). This latter standard requirement for measuring surface roughness was not considered by previous investigators (Doyle 1971 , Graham 1966 , Hostetler 1982 , Kerry 1966 , Meyer & Lie 1977 , Von Volkinburg et al. 1976 ). In previous reports utilizing the Profilometer, readings of average roughness were taken with the stylus moving parallel to the long axis of the tooth and with the stylus moving perpendicular to the long axis of the tooth. By combining these measurements, it is possible to get a lower average roughness value. This is especially true when a unidirectional lay is produced. This type of lay was produced following hand root planing but not with ultrasonics (Ewen & Gwinnett 1977 , Kerry 1966 , Suppipat 1974 , Walker & Ash 1976 . This could be one of the reasons why the previous studies analyzing these types of instrumentation showed that hand curettes provided a smoother surface (Green 1965 , Kerry 1966 , Meyer & Lie 1977 , Von Volkinburg et al. 1976 ).
This methodology was also used in a polishing study (Doyle 1971) . However, a difference between direction of measurements was noticed. It was stated that "roughness measured across grooves left by diamond tips used in the EVA system was 20-39 microinches greater than measurements parallel to the long axis of the tooth" (Doyle 1971) .
To substantiate these assumptions and support the ANS standards, a pilot study was performed. 10 samples were prepared. After polishing with wood interdental cleaners, these samples were measured parallel to the polished surface and perpendicular to the polished surface. It was found that when measurements were taken parallel to the polished surface, inconsistent roughness values were seen. The maximum peak height and number of peaks were statistically non-significant while average roughness gave a significantly rougher value. On the other hand, measurements made perpendicular to the polished surface showed a consistantly rougher surface, which was statistically significant (Table 7) .
To evaluate the overall average roughness and the surface characteristics of the samples, average roughness and profile tracings were used. From the profile tracings, surface characteristics such as maximum peak height and number of peaks were quantified from 6 sections of each tracing representing 0.6 mm of the total surface measured by the Surfanalyzer. Following polishing procedures, certain changes occur. If the surface becomes smoother, there is a decrease in maximum peak height and average roughness but the number of peaks increase. However, if surfaces become rougher, the opposite occurs. Maximum peak height and average roughness increase but the number of peaks decreases (Table 8) .
The paired /-test results for the interdental cleaners using 10 and 20 strokes showed an increase in average maximum peak height while the number of peaks decreased following polishing. From these parameters, the polishing procedure affected the surface characteristics in 2 ways. First, the polishing resulted in gross surface irregularities 
which showed a large peak-to-valley height, and wide spacing between the peaks. The increase in average maximum peak height was a result of increased depth of the scratches rather than peak height. This was verified as a result of a decrease in the number of peaks following polishing.
The paired /-test results of the waxed dental floss showed that the surface characteristics were unchanged following polishing, regardless of the number of strokes used.
The paired /-test results of the Superfloss showed that the surface characteristics were unchanged following 10 strokes of polishing. However, when 20 strokes were used, the maximum peak height increased while the number of peaks did not change significantly from the baseline values. This variation in the results of the maximum peak height demonstrated a trend towards an increase in surface roughness as the strokes of polishing increase.
In comparing waxed dental fioss and Superfloss, there was no significant difference between the 2 interdental aids in relation to surface characteristics or overall average roughness. This also held true for wood and plastic interdental cleaners when the 2 interdental aids were compared with each other.
The results of this study showed that polishing created a rougher surface regardless of polishing paste or mechanical technique used in polishing.
In a recent study using a Prophy Jet for polishing, the authors concluded that the Prophy Jet utilizing an abrasive powder provided a smooth surface (Atkinson et al. 1984) . The average depth of penetration of the polished surface was 636.6 ^ with a range of 470 //m to 856 ftm (Atkinson et al. 1984) . When these results are compared with interdental cleaners, 636.6 ^ is considered a rough surface. In this study, the depth of penetration (maximum peak height) after polishing ranged from 0.577 /zm to 0.609 /.an which was considered a significantly rougher surface. However, the clinical significance of increased maximum peak height (0.28 to 0.609 //m), decrease in number of peaks (13.31 to 9.73) and increase in average roughness (0.075 to 0.228) of interdental cleaners is not known at the present time.
Since the rationale for polishing includes decreasing surface roughness, the use of interdental aids should not be recommended for this purpose. How-ever, if polishing is needed for cleaning the root surfaces, waxed dental floss or SuperOoss should be advocated during polishing, since these devices do not seem to cause an increase in surface roughness. Nonetheless, it should be stressed that the clinical significance, i.e., the effect on plaque retention and gingival response of the increase noticed in surface roughness is not known at present and certainly deserves consideration in future studies.
